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(54) A backlighting light pipe for illuminating a flat-panel display 



(57) The invention relates to a new light pipe (313) 
for providing backlighting (312) of a flat-panel display 
(311) by means of at least one light source so that the 
light pipe has at least one surface which comprises pat- 
terns. The patterns have diffraction properties for con- 
ducting the light in the direction of the display, and the 



patterns comprise uniform, mutually different areas hav- 
ing a certain distribution on the surface of the light pipe. 
The local outcoupling efficiency of the light pipe de- 
pends on the characteristic properties of the patterns, 
which are dependent on the distance to the light source 
or its wavelength. 
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Description 

[0001] The invention relates to uniform backlighting of 
flat-panel displays by means of a thin light pipe. 
[0002] Modern electronic devices often have a liquid 5 
crystal display to transmit information to the user. In or- 
der to make the display readable even in twilight or dark- 
ness, the display is generally lit by means of light emit- 
ting diodes (LED), but especially in portable devices 
powered by a battery and/or an accumulator, this also 10 
has a shortening effect on the actual operating time of 
the device. In addition, the requirement for uniform 
brightness of the display is essential in view of readabil- 
ity, but it increases power consumption to compensate 
for the loss of light caused by diffuser plates and the like. 15 
Instead of using opaque baffles, an alternative is to use 
a diffractive light pipe structure to conduct the light in the 
favorable direction, from the light source to the display, 
whereby there is also more freedom for the disposition 
of components. 20 
[0003] With regard to known techniques related to the 
art of the invention, reference is made to solutions de- 
scribed in connection with the prior art (figures 1 to 2). 
A known arrangement is to use 'thick', 'plate-like' light 
pipes, on one end of which there is a light source, and 25 
on one flat side of the plate with the largest area and/or 
inside the light pipe there is a lighted object for achieving 
uniform illumination thereof. It is also known that when 
the light pipe is made thinner, the distribution of the illu- 
mination of the display may become less advantageous. 30 
However, there is very little extra room in modern mobile 
stations and other equipment provided with a display, 
and thick light pipe structures cannot be used in them 
without a negative effect on the usability of the device. 
Thick elements also mean increased material costs to 35 
the manufacturer and thereby more pressure on pricing. 
[0004] There are also known techniques with a thin, 
plate-like light pipe, from one end of which a light source 
emits light to the space between the upper and lower 
surfaces of the light pipe. The bottom of the light pipe 40 
may be randomly roughened, e.g. the lower surface of 
a plate-like light pipe, when the display or a correspond- 
ing object to be illuminated is positioned above the up- 
per surface of the light pipe, in the direction of the viewer. 
The purpose of the roughening is to distribute the light 45 
to scatter as uniformly as possible in the direction of the 
display. There may also be a diffuser, a reflector or a 
corresponding extra layer under the roughened surface 
to direct the light that has passed through the roughen- 
ing back to the light pipe, through it and from it in the so 
direction of the display to increase its illumination. 
[0005] Although it is the total reflection principle that 
the propagating light obeys on its way through the light 
pipe, the random roughening on the light pipe surface 
may cause problems to the homogeneity of the light, es- 55 
pecially at the opposite end to the light source. In other 
words, much less light comes to the other end of the 
display than left the first end of the light pipe at the light 



source. Increasing the number of light sources as well 
as increasing their power, combined with the use of dif- 
fuser plates between the light pipe and the display and/ 
or the light source and the light pipe improve the uni- 
formity of illumination, but also increase power con- 
sumption and space requirements. 
[0006] Figure 1A illustrates the lighting arrangement 
of display 1 by using a thin, flat light pipe 3, the lower 
surface 4 of which is randomly roughened. Figure 1B 
represents the local efficiency of the light source, by 
which light produced by the light source can be convert- 
ed to backlighting (outcoupling efficiency r| hereinafter). 
The local outcoupling efficiency is represented as a 
function of location, the coordinate measured from the 
source end of the light pipe. Because the outcoupling 
efficiency itself is constant all the way, the brightness of 
the display as seen by an outside observer is according 
to Figure 1 C, which thus represents the local brightness 
of a slice of the display as a function of the distance 
measured from the end at the light source. Figure 1 D 
shows in principle how individual rays 5 and 6 leaving a 
light source L1 propagate in a light pipe 3 and are con- 
verted into background light at points 5A to 5E, 6A and 
6B. 

[0007] Another technique for evening out the inhomo- 
geneous brightness, which changes as a function of lo- 
cation as shown in Figure 1 C, is to change the local out- 
coupling efficiency 11 as a function of distance by placing 
dots at which the light is scattered or reflected on the 
top or bottom of the light pipe. The dots are, for instance, 
small lenses, which are located at long intermediate dis- 
tances in the first end of the light source and at shorter 
intermediate distances in the other end so that there is 
a smaller difference in brightness B between the first 
and second end of the display. Figure 2 illustrates a 
known arrangement like that described above for illumi- 
nating a flat-panel display 7 with a light pipe 9, in which 
arrangement the lower surface of the light pipe 9 is cov- 
ered with lenses. The amount of light 8 is greater in the 
first end of the light pipe 9 near the light source L2 than 
in the second, opposite end. Because the purpose is to 
illuminate the display more uniformly, and the local out- 
coupling efficiency 11 of the light depends on the local 
number of scattering and/or reflecting lenses, it is ad- 
vantageous to make the density of the optical elements 
smaller near the light source than far from it. To improve 
the lighting still more, a reflector 10 can be used to return 
unfavorably directed light back to the direction of the dis- 
play 7. 

[0008] Estimating the transmission properties of the 
light pipe either by experimental or calculatory methods 
by using known techniques is practically impossible be- 
cause of the great number of prototypes needed and the 
number and small size of the lenses, whereby obtaining 
an acceptable, optimal result with the known technique 
is questionable. 

[0009] It is an objective of the invention to provide a 
new light pipe, which provides uniform illumination of the 
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background of the display and which is easy to manu- 
facture. 

[0010] For producing the backlighting of a flat-panel 
display, a patterned light pipe is used in the invention, 
in which light pipe at least one surface has been treated 
to achieve diffraction properties, by which the local out- 
coupling efficiency of the light pipe can be changed as 
a function of the distance and/or wavelength measured 
from the light source. The outcoupling efficiency of the 
light pipe depends on at least one parameter, which de- 
scribes the diffraction properties of the surface. The lo- 
cal outcoupling efficiency is influenced by quantities 
characterizing the diffractive surface, such as the peri- 
odicity of the surface formations of the patterns of the 
diffraction profile, the period d, the fill factor c and/or the 
height/depth of the ridges/grooves of the profile. Sur- 
face formations that are suitable as basic diffraction pro- 
files according to a preferred embodiment of the inven- 
tion include binary, rectangular wave, sinusoidal, and/or 
triangular wave, and by forming suitable combinations 
thereof the properties of the invention can be optimized 
for each application. 

[0011] In addition, according to a preferred embodi- 
ment of the invention, the properties of a diffractive light 
pipe can be improved by dividing its surface to form pix- 
els, in which its gridded properties are locally uniform. 
Especially at the end at the light source, the orientation 
of the pixels can be used advantageously to improve the 
distribution of the light and thus the brightness of the 
backlighting of the display. An example of preferred em- 
bodiments of the invention is a binary, gridded like dif- 
fraction structure of the surface. 
[0012] The patterns on the light pipe surface can be, 
for instance, of two types of diffractive pixels, which are 
both of the binary type. Some of the pixels in the vicinity 
of the light source are oriented so that the diffraction pro- 
files, and thus the pixels themselves are at 90° rotational 
geometry to each other, when the imaginary axis of ro- 
tation is parallel with the normal of the surface of the 
light pipe. In addition, modified basic profiles or combi- 
nations thereof can be used. 

[0013] Other preferred embodiments of the invention 
are presented in the subclaims. 
[0014] The invention will be described in detail with 
reference to the following drawings, in which 

Figure 1 shows a known arrangement based on ran- 
dom roughening in order to provide lighting, 

Figure 2 shows a known arrangement, which is 
based on the use of lens-like scatterers instead of 
random roughening for directing the light to the ob- 
ject, 

Figure 3 shows a light pipe arrangement according 
to a preferred embodiment of the invention, 

Figure 4 shows a detail of a light pipe according to 



a preferred embodiment of the invention, 

Figure 5 shows the diffraction and reflection taking 
place in a light pipe according to a preferred em- 
5 bodiment of the invention, 

Figure 6 represents the local outcoupling efficiency 
r) of the diffractive structure as a function of the dis- 
tance measured from the light source, 

10 

Figure 7 shows light pipes according to a preferred 
embodiment of the invention, 

Figure 8 illustrates the basic profiles of the grooves 
15 and ridges of the diffractive structure of a light pipe 
according to a preferred embodiment of the inven- 
tion, 

Figure 9 illustrates the pixelized, diffractive basic 
20 structure of a light pipe according to a preferred em- 
bodiment of the invention, 

Figure 10 represents a modified profile and/or pixel 
structure of a light pipe according to a preferred em- 
25 bodiment of the invention. 

[0015] Figures 1 and 2 represent methods formerly 

known from prior art for backlighting. 

[0016] Figures 1A, 2, 3A, 5A, 7A, 7B, 7C , 9A, 9B, 10A 

30 represent the principles of the patterns of the micro- 
structure of the diffraction profile geometry, and are thus 
not necessarily in the right scale in relation to the mac- 
roscopic dimensions or thickness of the light pipe. 
[0017] Figure 3A shows how the illumination of a flat- 

35 panel display 301 can be arranged by means of a light 
pipe 303 according to a preferred embodiment of the 
invention. The light pipe 303 has a binarized diffraction 
surface, in which the geometrical properties of the sur- 
face profile change when the distance from the light 

40 source increases. Locally, the geometrical changes are 
small as compared to the adjacent formations , and they 
approximate at a certain accuracy a grid structure, in 
which the grid constant changes as a function of loca- 
tion. The light 302 is equally strong throughout the whole 

45 diffractive light pipe element 303, although individual 
rays of light 302 are stronger at the first end 303A of the 
light pipe 303 close to the light source L3 than at the 
opposite end 303B. The local outcoupling efficiency r| 
of the diffraction element 303C has been changed by 

so utilizing its dependence on the fill factor c. In addition, it 
is advantageous for the invention to use, for instance, a 
Lambertian white reflector 304 below the light pipe 303 
to reflect or scatter the part of the light which has passed 
through the bottom of the light pipe 303 in the wrong 

55 direction back to the light pipe 303 to be used for the 
illumination of the display 301 . 

[0018] Figure 3B represents the local outcoupling ef- 
ficiency r| of the diffractive construction according to a 
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preferred embodiment of the invention as the function 
of a location measured from the light source L3. 
[0019] Figure 3C represents the local brightness B of 
the display achieved by a diffractive structure according 
to a preferred embodiment of the invention as the func- 5 
tion of a location measured from the light source L3, 
when the outcoupling efficiency of figure 3B has been 
compensated for achieving a constant brightness by 
changing the geometry of the diffractive profile, e.g. the 
fill factor. Brightness is constant, and thus independent 10 
of location. 

[0020] The length 30 mm of the horizontal axis in fig- 
ures 3B and 3C is only an example, and the length and/ 
or width of a real display as well as other dimensions of 
the light pipe can differ from this substantially. « 
[0021] Figure 3D illustrates the passage in the light 
pipe 313 of the rays 315, 16A and 16B of light, which 
have left the light source L3, and their conversion into 
rays 15A to 15E, which are transmitted out from the light 
pipe. Note that in the transmissions and reflections tak- 20 
ing place at points 15A to 15E, the macroscopic bright- 
ness of the light equals that in Figure 3C outside the light 
pipe as seen by an observer in the direction of the dis- 
play, although with regard to an individual ray of light, in 
a microscopic scale, the intensity of the ray of light is 25 
reduced as the function of a distance measured from 
the light source, also in consequence of multiple reflec- 
tions and/or transmissions. Uniform brightness is 
achieved by directing a larger part of the locally available 
light out from the light source by means of a diffractive 30 
structure according to a preferred embodiment of the in- 
vention (figure 3A). 

[0022] Figure 4 illustrates the structure of the surface 
geometry of a diffractive light pipe in one of the preferred 
embodiments of the invention. Characteristic parame- 35 
ters of a binary diffraction profile are cycle length d, fill 
factor c and ridge height h of the profile, n1 is the refrac- 
tive index of the light pipe material, and n2 is the refrac- 
tive index of the medium between the light pipe and the 
display. 40 
[0023] Figure 5A illustrates the propagation of light 
with the principle of total reflection in a diffractive light 
pipe according to the invention, in view of a ray of light, 
which passes in the direction a in relation to the normal 
of the inner surface of the light pipe. A detail 517, which 45 
illustrates the passage of the ray of light at one period 
of the diffractive structure, is delimited by a dashed line 
from the light pipe. 

[0024] Figure 5B is an enlargement of the detail 517 
in figure 5A. The optical geometry is the same as in fig- so 
ure 5A. When a ray of light hits the diffractive profile d, 
its diffraction is represented by angles of transmission 
and reflection, |3 pT and (3 pR , respectively, certain orders 
of which are marked in Figure 5B. For instance, 0 R is 
the ordinary reflection of the principal ray. 55 
[0025] Figure 6 shows the outcoupling efficiency r) of 
the diffractive surface as the function of the fill factor c 
standardized with the period d, in other words, the de- 



pendence of the outcoupling efficiency as the function 
of the ratio c/d. The dependence is represented forthree 
angles of incidence of the principal ray: 60° (continuous 
line), 70° (dashed line) and 80° (dotted line). The results 
shown in the figure are based on calculated mean val- 
ues of the transverse electric and magnetic fields of the 
propagating light. Rays of light, which are directly trans- 
mitted or advantageously reflected have been taken into 
account. The absorption of the white reflector plate on 
the bottom of the light pipe has not been taken into ac- 
count in the calculation. 

[0026] Figure 7 shows, by way of example, preferable 
embodiments of the invention achieved by using a bina- 
ry profile of the light pipe (Figure 8). Figure 7A illustrates 
the principle of a diffractive structure 718 grooved trans- 
versely to the propagation direction of the light as seen 
from above, the direction of the display. Figures 7B and 
7C show the principles of light pipe sections 719, 720 
made by curved grooving. A dotted line A-B shows the 
places of the grooves C and ridges of the diffraction pro- 
file and the geometric principle as a viewer would see 
them when looking from the side of the diffraction ele- 
ment 718, 719, 720 (bottom or top edge in the figure) 
on the level of the surface of the light pipe, perpendicular 
to the propagation direction of the light. Other diffraction 
profiles (Figures 8 and 10) are also possible in a light 
pipe section 718, 719, 720 either as such or by combi- 
nation. Possible differences in brightness on the display 
can be equalized by using a wavelike groove structure 
(Figure 7C). 

[0027] Figure 8 illustrates alternative diffraction pro- 
files for the surface formation of a light pipe (and pixels 
contained in it) according to a preferred embodiment of 
the invention, and related parameters, which influence 
the optical properties of the surface. Figure 8A shows a 
binary groove/ridge profile for a diffraction surface and/ 
or its pixels. In the figure, h is the height of the ridges, c 
is the fill factor and d is the length of the groove/ridge 
period of the profile. Figure 8B shows a sinusoidal pro- 
file, in which h is the height of the ridge, d is the length 
of the period and c is the fill factor as defined on the 
basis of the half-wave width of the sinusoidal ridge. As 
an example of a multilevel diffraction profile structure, 
figure 8C shows a three-level structure with its charac- 
teristic parameters: hi and h2 are the heights of the lev- 
els of the grooves of a locally gridded structure, d is the 
length of the period and c is the fill factor. Figure 8D 
shows a detail of a diffractive profile structure provided 
with triangular ridges, in which the height of the ridge is 
h, the length of the period d and the fill factor c as defined 
on the basis of the half-wave width of the ridge as in 
Figure 8B. The fill factor can also be varied by changing 
the apex angle of the triangular ridge. In addition to 
these, other profiles can also be used. For instance, pro- 
files that are achieved by combining at least two basic 
profiles shown by figure 8 can be used either as such, 
by combining and/or modifying them and/or combining 
with them mathematically represented periodical forms, 
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which can be described by means of parameters asso- 
ciated with the basic profiles. An example of this is a 
diffraction profile, which is obtained from a sinusoidal 
wave profile (Fig. 8B) by combining with it other sinusoi- 
dal profiles, the period lengths and fill factors of which 5 
are functions of the mathematical value of the period 
length and fill factor or phase of the form of a basic profile 
(e.g. figures 8A to 8D). 

[0028] Figure 9 shows a preferable embodiment of 
the invention, in which the diffraction surface of the light 10 
pipe consists of pixel-like patterns. The purpose of the 
pixelization and/or orientation of the pixels is to influ- 
ence the uniformity of the light at the first end of the light 
pipe by means of diffraction, and thus to improve the 
properties of the diffraction surface of the light pipe. The 15 
diffractive surface can be divided into pixels so that the 
pixels closest to the light source form (orientation B) an 
equalizing portion 902, in which the light of the light 
source is distributed as a result of diffraction to form a 
macroscopically uniform lighting. The pixels of such an 20 
equalizing portion 902 based on diffraction are prefera- 
bly positioned according to the orientation B and even 
in different geometry in relation to the period length and 
the fill factor or in relation to another degree of freedom, 
which is essential with regard to the application. The 25 
purpose of pixels 903, 904, which are further away in 
the direction of propagation of the light are either to cou- 
ple light out from the pipe section in order to produce 
lighting (pixel 903, orientation A) and/or to distribute the 
light coming from the light source to make it still more 30 
uniform (pixel 904, orientation B). It is advantageous to 
use more light distributing pixels 902, 904 in the vicinity 
of the light source 901 than furtherfrom it. In this diffrac- 
tion structure according to a preferred embodiment of 
the invention used here as an example, the purposes of 35 
the pixels are determined on the basis of their orienta- 
tion (Figure 9A). 

[0029] Figure 9B shows the propagation of light in a 
pixel, which equalizes the lighting. As a result of diffrac- 
tion, the incoming ray of light is distributed in many di- 40 
rections, which are described by means of orders rep- 
resenting intensity maximums. The directions of the dif- 
fraction maximums corresponding to the orders +2, +1 
and 0, which also correspond to the propagation direc- 
tions of the rays of light, are marked in the figure. 45 
[0030] The pixels can be locally homogeneous, and/ 
or the fill factor and period can change within them as 
the function of a quantity measured from the light 
source, such as distance. Although the pixelizing is rep- 
resented here in a rectangular application, it can also so 
be applied in other geometrical shapes, such as the 
groove patterns shown in Figure 7, when an uniform 
backlighting of a display is optimized by the placement 
of the light source. 

[0031] Figure 10 shows modifications of the basic pro- 55 
files of a diffractive light pipe according to a preferred 
embodiment of the invention. Figure 10A represents a 
profile, which is binary, but can also be derived from the 



basic forms of figure 8, as applied to the pixelization of 
a diffraction surface according to Figure 9, for example. 
Some of the pixels in figure 10A are deflected from the 
level of the surface of the light pipe (horizontal) to the 
angle O, some to the angle ty, and some are parallel with 
the surface of the light pipe. After the presentation of the 
Figures 1 0A and 1 0B, it will naturally be clear to a person 
skilled in the art that in a pixelization, which is incorpo- 
rated in the structure of a macroscopic piece, the angles 
of deflection and the relation of the number of deflected 
pixels to the number of non-deflected pixels in a light 
pipe also has an effect on its diffraction properties. Fig- 
ure 10B shows a diffraction profile according to a pre- 
ferred embodiment of the invention as derived from the 
basic forms of Figure 8, when the surface formations 
are deflected to the angle 0 from the level determined 
by a pixel shown in Figure 1 0A. It will also be clear to a 
person skilled in the art that structures, which are 
skewed in relation to the peak of the surface formation, 
are also possible in a diffraction profile. Figure 10 rep- 
resents the principles of the geometry of diffraction pro- 
files, and thus the size and/or angles of deflection of the 
pixels are not necessarily in the right scale to the periods 
and/or heights of the surface formations. 
[0032] The theory related to the prior art about the be- 
havior of light in diffraction, about the effect of the pa- 
rameters of microgeometry, the properties of the light 
source and its distance has been dealt with, e.g. in the 
book Micro-optics: Elements, systems and applications, 
edited by Hans Peter Herzig, Taylor and Francis, 1997, 
and especially in chapter 2: Diffraction Theory of Micro- 
relief Gratings by Jari Turunen. 
[0033] There are also other publications related to the 
prior art, such as Illumination light pipe using micro-op- 
tics as diffuser, Proceedings Europto series, Holograph- 
ic and Diffractive Techniques, SPIE 2951, 146-155. 
1996. 

[0034] A diffraction phenomenon is observed in mon- 
ochromatic light when the light meets a piece or a group 
of pieces (grating), the characteristic dimension of which 
is in the range of the wavelength of light. The incoming 
ray of light is divided, and its direction of propagation is 
changed. The new directions of the rays of light, both 
for the reflected and the transmitted rays, can be ex- 
pressed by means of the wavelength, its integer orders 
and the characteristic dimension of the piece participat- 
ing in the diffraction. Formulas (1 ) and (2) can be applied 
in the calculation of direction angles corresponding to 
the orders of the propagation directions of the diffracted 
light. For transmitted orders we have: 

sin P pT = sin a (1) 

and for the reflected: 
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sin P pR = ^ +sin a (2) 



where a is the angle of direction of the incoming ray of 
light in relation to the normal of the surface, p pT is the 
angle of direction of the order p of the conducted light, 
and |3 pR is the angle of direction of the order p of the 
reflected light, p is the order of the ray of light, 1 is the 
wavelength of the primary, incoming light, n-, is the op- 
tical refractive index of the diffractive light pipe, n 2 is the 
refractive index of the medium surrounding the light 
pipe, and b is the period of the diffractive structure. 
[0035] An embodiment of the invention is described 
here as an example. A prototype is made of the light 
pipe, with the purpose of illuminating a flat-panel display. 
Three sources of light are used, the wavelength of the 
transmitted light being 570 nm. The optimal diffractive 
structure of the light pipe is implemented with the pa- 
rameters of the table below. 



Quantity 


Value 


Period length 


2.5396 urn 


Groove depth 


0.5311 nm 


Fill ratio c/d 


0.2-0.5 



[0036] The period length of the diffractive profile is 
preferably designed between 1 .5 urn - 3.5um. A suitable 
depth of the grooves in a diffractive structure according 
to a preferred embodiment of the invention is from 0.3 
to 0.7 um, i.e. in the range of the wavelength, when vis- 
ible light is used. On the basis of this, it will be clear to 
a person skilled in the art that by using suitable materi- 
als, a technique according to the preferred embodi- 
ments of the invention can also be scaled to other elec- 
tromagnetic wave movements, the wavelength of which 
differs from that of visible light, such as applications and 
problems related to medical and/or technical X-raying 
and/or analysis methods. 

[0037] By means of the preferred embodiments of the 
invention, the outcoupling efficiency of the diffraction 
surface of the light pipe can be increased as a function 
of the distance measured from the light source to com- 
pensate for the reduction of the amount of light used for 
illumination when moving away from the light source. 
When the outcoupling efficiency is increased at the 
same rate as the amount of light available decreases, 
an uniform brightness of the display is achieved. 
[0038] The local outcoupling efficiency of the surface 
of a light pipe according to a preferred embodiment of 
the invention can be regulated by changing the period 
of the diffraction profile and/or the depth of the grooves. 
The order of the mode of scattering and the scattering 
angle of the outcoupling rays of light can also be regu- 
lated by changing the period of the diffraction profile. 
The dependence of the illumination on the angle of in- 



cidence of the ray of light is stronger at the source end 
of the light pipe than at the opposite end. The distribution 
of the illumination observed on the surface of the light 
pipe can be equalized by changing the period of the pro- 

5 file of the diffraction structure. 

[0039] In addition, the diffraction profiles and/or even 
whole pixels can be modified suitably by turning them 
in relation to three possible degrees of freedom, and/or 
by tilting the diffraction profile or its elements, elongated 

10 surface formations and/or their local formations. Within 
an individual pixel, the different parts of the diffraction 
profile can be turned in relation to straight lines parallel 
with the surface to an angle suitable for the application 
(Fig. 10B). Even whole pixels can be deflected in angles 

15 which differ from the level of the surface of the display 
(Fig. 10A). The diffraction structure and/or grouping of 
the light pipe and/or the pixels, grooves and/or ridges 
contained thereby can also be designed according to 
fractal geometry. 

20 [0040] A surface according to a preferred embodi- 
ment of the invention in a diffractive light pipe can be 
manufactured directly on the surface by using nanolito- 
graphic methods with an electron beam, for instance, or 
by molding the light pipe. A preferable material for man- 

25 ufacturing the light pipe is polymethylmethacrylate PM- 
MA. An advantage of the invention is that a light pipe 
according to it can be manufactured by mass production 
means and methods based on extrusion, for instance. 
A further advantage of the invention is that its elabora- 

30 tion for the application can be carried out quickly by con- 
structing a diffractive structure on a selected substrate, 
whereby the diffractive structure is also indiscernible for 
the user. 

[0041] It is also possible to use more complicated pro- 
35 files than those described in a preferred embodiment of 
the invention (figures 8 to 10) for uniform distribution of 
light, but when the structure becomes more complicat- 
ed, the manufacturing costs are also likely to increase. 
Complicated techniques are described at least in the 
40 publications by Noponen etal (1992): 'Synthetic diffrac- 
tive optics in the resonance domain', J. Opt. Soc. Am. 
A9 1206-1213. and Vasara et al (1992): Applied Optics 
31, 3320-3336. 

[0042] The diffractive structure on the surface of the 
45 light pipe can be made either on one side of the light 
pipe section or on both sides thereof. Diffraction surfac- 
es made on both sides need not be identical. The inven- 
tion is especially suitable for use in connection with a 
light emitting diode (LED), for example. The invention is 
so also very suitable for use with a technique based on liq- 
uid crystal displays (LCD), for instance. 
[0043] It is advantageous if all energy from the light 
source can be converted into the lighting of the back- 
ground of the display. That requirement is met most ad- 
55 vantageously with regard to the application of preferred 
embodiments of the invention when a LED is used as 
the light source, but also other lightsources such as la- 
sers and/or white light sources can be used. It is known 
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for a person skilled in the art that the light can be filtered 
and/or polarized. It is also known for a person skilled in 
the art that use of combined techniques of white light as 
filtered and/or polarized can be used, including combi- 
nations thereof, in which structures that store light en- 
ergy are used, in other words, solutions based on phos- 
phorescence and/or fluorescence. In order to minimize 
the amount of light outcoupled from the sides and ends 
of the light pipe section, the edges of the light pipe sec- 
tion can also be coated with clear and/or diffuse films or 
treated with a grinding suitable for the purpose. 
[0044] In order to make the propagation time of the 
ray of light in the light pipe section as long as possible, 
(that is, to maximize the amount of light that is outcou- 
pled for effective use), the light pipe section can be 
shaped as an asymmetric trapezium or the like, whereby 
the energy of the rays of light propagating in the direction 
of the diffractive surface and being thus otherwise led 
out from the ends can be utilized for lighting. 
[0045] Uniform distribution of light at the first end of 
the light pipe can be influenced by pixelization of the 
diffraction structure (figure 9). A special portion 902 can 
be made at the source end of the light pipe, with the 
purpose of equalizing the distribution of the light from 
the light source (figure 9A). 

[0046] The distribution of light based on diffraction in 
an appropriate pixel 902 (figure 9) will be demonstrated 
in the following example. When diffraction of light is dis- 
cussed in this connection, the directions of the intensity 
maximums mean the propagation directions of the dif- 
fracted rays of light, in which light can be seen as a result 
of diffraction. When the period length of a grating in the 
diffraction structure is 2.5 u.m, the depth of the grooves 
0.5 u.m, the fill factor 0.5 and the wavelength of incoming 
light is 470 nm with an angle of incidence a=60°, inten- 
sity maximums are seen in directions that differ from the 
direction of the 0th order of the transmitted principal ray, 
which are 8.2°, 16.1°, 23.5° for the corresponding or- 
ders +1, +2 and +3, respectively. The deviations from 
the principal ray of the same orders with the wavelength 
570 nm are +10°, ±19.3 and ±27.8, respectively. When 
the angle of incidence of the principal ray increases, the 
diffraction angles corresponding to the intensity maxi- 
mums decrease to some extent. For example, when the 
wavelength is 470 nm but the angle of incidence is 80°, 
a ray of light of the 1 st order is seen in the direction 7.3°. 
In addition, the distribution of the light energy between 
rays of light representing different diffraction orders de- 
pends strongly on the angle of incidence of the principal 
ray. 



Claims 

1 . A light pipe (313) for providing backlighting (312) of 
a flat-panel display by means of at least one light 
source, which light source is limited by a certain first 
surface, which comprises patterns, characterized in 



that 

the patterns have diffractive properties for cou- 
pling the light out from the light pipe 

5 

the patterns comprise uniform, mutually differ- 
ent areas with a certain distribution on the first 
surface. 

10 2. A light pipe according to Claim 1, characterized in 
that the patterns comprise 

parallel, straight or bowed, elongated surface 
formations, the height (h) and width (c) of which 
15 differ from the environment, 

a certain first uniform area, in which a certain 
characteristic parameter has a certain first val- 
ue; 

20 

a certain second uniform area, in which said 
characteristic parameter has a certain second 
value, which differs from said first value; 

25 whereby the surface formations in said first area dif- 
fer from the surface formations in said second area 
with regard to said characteristic parameter, and 
said characteristic parameter is at least one of the 
following: the orientation of the pattern, the distance 

30 between the pattern and the light source, the 

period length (d), 

- fill factor (c), 

35 

- fill ratio (c/d), 

- height (h), 

40 - characteristic degree of modification 

angle of deflection (0) 

between the elongated surface formations of the 
45 pattern, which differ from the environment. 

3. A light pipe (313) according to Claim 2, character- 
ized in that the value of at least one characteristic 
parameter depends on the quantity, which has been 

so defined in relation to the light source, such as the 
distance from the light source. 

4. A light pipe (313) according to Claim 2, character- 
ized in that the elongated patterns of the surface 

55 formations change gradually from the first shapes 
of the first end of the pattern at the light source side 
to the other shapes of the opposite side of said pat- 
tern at the other end in a manner depending on a 
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quantity, which is dependent on the light source, 
such as distance. 

5. A light pipe (313) according to Claim 2, character- 
ized in that the local plane in the area of the pattern, 5 
which plane is determined by the peaks of the sur- 
face formations of the patterns is in relation to a lev- 
el determined by the first surface of the light pipe at 

an angle, which depends on a quantity, which is de- 
pendent on the light source, such as distance. 10 

6. A light source according to Claim 2, characterized 
in that the fill ratio (c/d) increases when moving from 
the end at the side of the light source to the opposite 
end of the light pipe. 15 

7. A light source (313) according to Claim 1, charac- 
terized in that the distribution of the patterns de- 
pends on a quantity, which is dependent on the light 
source, such as distance. 20 

8. A light pipe (313) according to Claim 1, character- 
ized in that its first surface is on the side of the light 
pipe, which is closest to the display. 

25 

9. A light pipe (313) according to Claim 1, character- 
ized in that the elongated shapes of the surface for- 
mations in the patterns are repeated as similar in a 
certain uniform area of the surface of the light pipe. 

10. A light source according to Claim 1, characterized 
in that the fill ratio (c/d) increases along the central 
line of the light pipe from the end at the side of the 
light source to the opposite end of the light pipe, and 

the elongated formations, which differ from the en- 35 
vironment, are perpendicular to the central line. 

11. A light source (313) according to Claim 1, charac- 
terized in that the fill ratio (c/d) is between 0.2 and 
0.5. 40 

12. A light pipe according to Claim 1, characterized in 
that the fill ratio (c/d) increases as measured along 
a straight line when moving away from the light 
source, and the elongated surface formations, 45 
which differ from the environment, are bowed as de- 
fined by conic section geometry, whereby the mid- 
point defined by the dimensions of the light source 

is located essentially at a focal point characterizing 
the bow. 50 

13. A light pipe according to Claim 2, characterized in 
that the period length (d) of its diffractive surface 
(31 3C) in a diffractive structure (517) is between 1 .5 
and 3.5 urn. 55 

14. A light pipe according to Claim 1, characterized in 
that the depth and/or height (h) of the elongated sur- 
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face formations of its diffractive surface (31 3C) in a 
diffractive structure (517) is between 0.3 and 0.7 
um. 

15. A light pipe according to Claim 1, characterized in 
that it is shaped as a polygon, and it has at least 
one angle, which differs substantially from 90°. 

16. A light pipe according to claim 1, characterized in 
that it has fluorescent and/or phosphorescent prop- 
erties. 

17. A light pipe arrangement, characterized in that it 
comprises a light source, a display, a light pipe ac- 
cording to Claim 1 , and a base plate of the light pipe. 

18. A light pipe arrangement according to Claim 17, 
characterized in that the number of light sources is 
three. 
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FIGURE 7C 
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